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moral joiIt is a longstanding tenet that mechanical loading plays a central
role in the pathogenesis of osteoarthritis (OA), yet the precise
loadingmechanism responsible is not clearly understood1. The con-
tact force acting on articular cartilage has been ﬂagged as a likely
candidate, and given the high prevalence of medial tibiofemoral
OA, attempts have been focussed on characterising articular carti-
lage contact force in the medial tibiofemoral compartment (MCF).
Two different approaches have been adopted in this endeavour:
(1) direct measurement of MCF in individuals with instrumented
knee joint replacements, and, (2) biomechanical modelling to esti-
mate MCF in vivo, i.e., in a native joint. Data from such studies can
provide us with an indication of the role of MCF in disease patho-
genesis, and how MCF is inﬂuenced by various interventions. Un-
fortunately however, these approaches are either (1) invasive in
nature, or (2) computationally expensive and/or complex, and
thus of limited feasibility for widespread use.
Enter clinical gait analysis: a non-invasive, relatively low cost,
system consisting of cameras and force plates (that measure the
forces imparted upon the body from the ground), that can calculate
the net external forces acting on the joints of the body, such as the
knee. As such, these systems are widely available in both the
research and clinical environment. Clinical gait analysis techniques,
for example, were used in the seminal work by Miyazaki and col-
leagues2, to identify the frontal plane turning force at the knee
(the knee adduction moment) during walking as the strongest me-
chanical risk factor for medial knee OA disease progression, i.e.,
over and above the effect of bodyweight and alignment.
The turning forces, or moments, acting at the knee have an intu-
itive relationship with the MCF. The knee adduction moment
(KAM) represents the moment acting on the joint in the frontal
plane, and during walking it typically acts to rotate the tibia medi-
ally on the femur. Thus, it would be expectede and has been shown
e that with a greater KAM the MCF increases3,4. Further, it has been
argued that the external moment acting on the knee in the sagittal
plane e the knee ﬂexion moment (KFM) emay inﬂuence MCF, and
subsequently the risk of OA incidence and progression. To balance
the external KFM that occurs during gait the quadriceps contract
to produce an internal knee extension moment. When activated,ternational. Published by Elsevier Lriceps also impart a compressive force across the tibiofe-
nt; hence the postulated relationship withMCF. That being
said, the relative contribution of the knee moment in the frontal
(KAM) and sagittal (KFM) planes to the MCF is not well
documented.
With this in mind, Manal et al.5 evaluated the ability of the KAM
and KFM to predict peak MCF during straight line walking. A cohort
of 10 patients, post ACL reconstruction e a population known to be
at elevated risk of OA development e were evaluated. A biome-
chanical model was used to estimate muscle forces from electro-
myographic data, which, in turn, were used to estimate the MCF.
Peak KAM and KFM were determined via an inverse-dynamics
approach, as commonly used in clinical gait analysis (e.g.,2,6).
Regression modelling was used to predict the variance in the
peak MCF that was explained by the peak KAM, and secondly, the
variance in the peak MCF explained by the peak KFM over and
above that explained by the peak KAM.
The peak KAM, peak KFM and peak MCF all occurred at a similar
time point during the stance phase of gait (i.e., 23e25%). As hypoth-
esised, peak KAM alone was predictive of 63% of the variance in the
MCF. This prediction was improved by the inclusion of peak KFM in
the model, predicting 85% of the variance in peak MCF i.e., the KFM
improved the prediction by 22%. An increase in the KAM or KFM
was associated with an increase in the MCF. Interestingly, data
from individual participants indicated that the contribution of the
KAM and KFM to MCF varies substantially; that is, a participant
with a small peak KAM may have a similar peak MCF to a partici-
pant with a large peak KAM. In the participant with the smaller
peak KAM this may be explained by a higher peak KFM.
The ﬁnding that a higher KFM is predictive of a higher MCF was
hypothesised, and, as such, not unexpected. Indeed, recent work in
patients with instrumented knee replacements has demonstrated
that the MCF is related to both the KAM and the KFM7,8. This is
the ﬁrst study however, to demonstrate the shared importance of
the KAM and KFM in native knees, as opposed to in an artiﬁcial
joint. Taken together, the consistent ﬁnding of the shared impor-
tance of the KAM and KFM in determining the MCF gives us some
conﬁdence that both of these indices should be considered when
attempting to evaluate the magnitude of, or changes in, the MCF.
The interpretation of knee joint moments in estimating the MCF
is as follows: a lower KAM (or a decrease in the KAM), does not
necessarily equate to lower MCF (or a decrease in MCF). Assuming
a high MCF is deleterious to joint health, this has implications for
how interventions to modify joint load are interpreted. For
example, Fregly and colleagues9 investigated alternative walking
patterns as a way to reduce the KAM, and demonstrated that
with increased hip, knee and ankle ﬂexion combined with alteredtd. All rights reserved.
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suggest positive effects in terms of reduced MCF at ﬁrst glance;
however, they also report a concomitant increase in the KFM
with a decreased KAM. Thus, the observed reduction in joint load,
i.e., the MCF, may not be as substantial as originally assumed. Simi-
larly, the peak KAM data from Hall and colleagues6 effectively indi-
cate no change inMCFat 2 years postmeniscectomy. However, with
a signiﬁcant increase in the peak KFM over the 2 years it is likely
there was an increase in MCF in these patients. Essentially, the
take home message is that by using only the KAM as an index of
knee load we may be misinterpreting effects on MCF. Considering
the KAM in combination with the KFM is likely to provide us
with a more accurate representation of any changes in loading on
the medial compartment.
That the KFM, as well as the KAM, are predictive of MCF offers
insight into interventions that are likely to be most effective in
reducing the magnitude of the MCF. For example, external de-
vices designed to redistribute load through the upper body
(e.g., walking canes and poles) tend to be associated with de-
creases in both the KAM and KFM10, and therefore may represent
an effective approach to reduce MCF. Contrary to this, gait mod-
iﬁcations employed to reduce the KAM tend to be accompanied
by an increased KFM as they involve increased knee ﬂexion9,10.
Therefore, they may not be as effective in reducing joint load as
they are in reducing the KAM. It is conceivable that alternative
modiﬁcations to gait that reduce the KFM as well as the KAM
are achievable. For example, a more “stiff knee” gait would tend
to reduce the KFM11, and combined with a moderate degree of
trunk lean would likely also decrease the KAM. This is worthy
of exploration.
In all of this, we should always be mindful of what the biome-
chanical measure is telling us with respect to patient health and
function. The assumption here is that the MCF plays a causative
role in medial compartment disease incidence and/or progression.
While this makes sense from an intuitive perspective, there is no
direct evidence to support this assumption. Some studies have
shown the KAM to be a risk factor for disease progression; however,
a meta-analysis of these data indicates no overall effect12. Impor-
tantly, a recent study published in Osteoarthritis & Cartilage13 eval-
uated, for the ﬁrst time, both the KAM (peak and impulse) and the
KFM (peak) as risk factors for structural OA progression over 2 years.
Contrary to expectations on the basis of the literature discussed
thus far, the peak KFM was not shown to be predictive of disease
progression. That said, if it is the MCF that is the underlying path-
omechanical pathway driving the disease, attempts to reduce
MCF via reductions in the KFM may still be beneﬁcial. With ad-
vances in technology and reﬁnement of biomechanical models, it
would be reasonable to expect that prospective evaluation of MCF
as a risk factor for OA disease progression is not too far away.
This may represent a watershed in our understanding of the
in vivo pathomechanics of knee OA.
Our knowledge of the relationship between external knee joint
moments and MCF is currently based upon data from both instru-
mented knee replacements7,8 and the native knees of ACL recon-
structed patients5. We cannot be certain that the same
relationship holds in other patient groups. With a similar magni-
tude of KFM, KAM and MCF in those with established medial tibio-
femoral OA it is plausible that a similar relationship exists. Another
important consideration is that our current knowledge is limited to
the relationship between peak knee moments and peak MCF. Given
that some evidence points towards the importance of total loading
throughout stance upon disease progression (i.e., the impulse)13,14,
MCF impulsemay play a pathomechanical role in OA. As themagni-
tude and direction of the ﬂexion/extension moment at the knee
varies substantially throughout stance, it is conceivable that theability of the KFM to predict MCF impulse is markedly different
from its ability to predict the peak MCF.
Knowledge that both the peak KAM and peak KFM are predic-
tive of peak MCF has the potential to inform the development of in-
terventions to reduce MCF, and, in turn, arrest the OA disease
process. New evidence indicates that the peak KFM may not be
an independent risk factor for OA disease progression. Should the
KFM affect the underlying driver of the disease process (which
may be MCF), attempts to reduce the KFM may slow the disease
process. Of course, intervention to reduce the KFM, KAM and MCF
will require evaluation through randomised controlled trials to
ensure their biomechanical beneﬁt translates to improved patient
outcomes.
Conﬂict of interest statement
The author declares that they do not have any conﬂict of interest
relating to this editorial.Acknowledgements
The author would like to acknowledge the valuable feedback
received fromAssociate Professor Adam L. Bryant and Dr Tim Black-
more on an earlier draft of this editorial.References
1. Felson DT. Osteoarthritis as a disease of mechanics. Osteoar-
thritis Cartilage 2013;21:10e5.
2. Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, Shimada S.
Dynamic load at baseline can predict radiographic disease pro-
gression in medial compartment knee osteoarthritis. Ann
Rheum Dis 2002;61:617e22.
3. Schipplein OD, Andriacchi TP. Interaction between active and
passive knee stabilizers during level walking. J Orthop Res
1991;9:113e9.
4. Zhao D, Banks SA, Mitchell KH, D'Lima DD, Colwell Jr CW,
Fregly BJ. Correlation between the knee adduction torque
and medial contact force for a variety of gait patterns. J Orthop
Res 2007;25:789e97.
5. Manal K, Gardinier E, Buchanan TS, Snyder-Mackler L. A more
informed evaluation of medial compartment loading: the com-
bined use of the knee adduction and ﬂexor moments. Osteoar-
thritis Cartilage 2015;23:1107e11.
6. Hall M, Wrigley TV, Metcalf BR, Hinman RS, Dempsey AR,
Mills PM, et al. A longitudinal study of strength and gait after
arthroscopic partial meniscectomy. Med Sci Sports Exerc
2013;45:2036e43.
7. Trepczynski A, Kutzner I, Bergmann G, Taylor WR, Heller MO.
Modulation of the relationship between external knee adduc-
tion moments and medial joint contact forces across subjects
and activities. Arthritis Rheumatol 2014;66:1218e27.
8. Walter JP, D'Lima DD, Colwell Jr CW, Fregly BJ. Decreased knee
adduction moment does not guarantee decreased medial con-
tact force during gait. J Orthop Res 2010;28:1348e54.
9. Fregly BJ, Reinbolt JA, Rooney KL, Mitchell KH, Chmielewski TL.
Design of patient-speciﬁc gait modiﬁcations for knee osteoar-
thritis rehabilitation. IEEE Trans Biomed Eng 2007;54:
1687e95.
10. Simic M, Hinman RS, Wrigley TV, Bennell KL, Hunt MA. Gait
modiﬁcation strategies for altering medial knee joint load: a
systematic review. Arthritis Care Res (Hoboken) 2011;63:
405e26.
Editorial / Osteoarthritis and Cartilage 23 (2015) 1038e1040104011. Creaby MW, Hunt MA, Hinman RS, Bennell KL. Sagittal plane
joint loading is related to knee ﬂexion in osteoarthritic gait.
Clin Biomech (Bristol, Avon) 2013;28:916e20.
12. Henriksen M, Creaby MW, Lund H, Juhl C, Christensen R. Is
there a causal link between knee loading and knee osteoar-
thritis progression? A systematic review and meta-analysis
of cohort studies and randomised trials. BMJ Open 2014;4.
13. Chang AH, Moisio KC, Chmiel JS, Eckstein F, Guermazi A,
Prasad PV, et al. External knee adduction and ﬂexion moments
during gait and medial tibiofemoral disease progression in
knee osteoarthritis. Osteoarthritis Cartilage 2015;23:
1099e106.
14. Bennell KL, Bowles KA, Wang Y, Cicuttini F, Davies-Tuck M,
Hinman RS. Higher dynamic medial knee load predicts greatercartilage loss over 12 months in medial knee osteoarthritis.
Ann Rheum Dis 2011;70:1770e4.M.W. Creaby*
School of Exercise Science, Australian Catholic University, Queensland
4014, Australia
* Tel: 61 (0)7 3623 7587; Fax: 61 (0)7 3623 7650.
E-mail address: mark.creaby@acu.edu.au.
7 March 2015
